Cysteine Disulfide Traps Reveal Distinct Conformational Ensembles in Dengue Virus NS2B-NS3 Protease.
The dengue virus protease (NS2B-NS3pro) plays a critical role in the dengue viral life cycle, making it an attractive drug target for dengue-related pathologies, including dengue hemorrhagic fever. A number of studies indicate that NS2B-NS3pro undergoes a transition between two widely different conformational states: an "open" (inactive) conformation and a "closed" (active) conformation. For the past several years, the equilibrium between these states and the resting conformation of NS2B-NS3pro have been debated, although a strong consensus is emerging. To investigate the importance of such conformational states, we developed versions of NS2B-NS3pro that allow us to trap the enzyme in various distinct conformations. Our data from these variants suggest that the enzymatic activity appears to be dependent on the movement of NS2B and may rely on the flexibility of the protease core. Locking the enzyme into the "closed" conformation dramatically increased activity, strongly suggesting that the "closed" conformation is the active conformation. The observed resting state of the enzyme depends largely on the construct used to express the NS2B-NS3pro complex. In an "unlinked" construct, in which the NS2B and NS3 regions exist as independent, co-expressed polypeptides, the enzyme rests predominantly in a "closed", active conformation. In contrast, in a "linked" construct, in which NS2B and NS3 are attached by a nine-amino acid linker, NS2B-NS3pro adopts a more relaxed, alternative conformation. Nevertheless, even the unlinked construct samples both the "closed" and other alternative conformations. Given our findings, and the more realistic resemblance of NS2B-NS3pro to the native enzyme, these data strongly suggest that studies should focus on the "unlinked" constructs moving forward. Additionally, the results from these studies provide a more detailed understanding of the various poses of the dengue virus NS2B-NS3 protease and should help guide future drug discovery efforts aimed at this enzyme.